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BALQSOs: What do we 
want to know?

• Outflow acceleration mechanism (radiative 
line driving, hydromagnetic,....)

• Mass flux / Kinetic energy (feedback)

• Geometry of the outflow (unification; 
outflow physics, e.g., confinement)
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BALQSOs: What can 
we measure?

• Vmax ➠ acceleration mechanism diagnostic 
(Laor & Brandt 2002; Ganguly et al. 2007)

• ΔV, i.e., BALs, miniBALs, NALs ➠ geometry 
(Gallagher et al. 2006; Gibson et al. 2009)

• Column density ➠ kinetic energy/luminosity

• Covering fraction ➠ geometry, outflow physics
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But there is a way....
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But there is a way....

• Rare ions ➠ not saturated

• Two transitions from the same level

• ➠ Relative optical depths fixed by 
atomic physics

• Two equations, two unknowns ➠ solve 
for true optical depth and covering 
fraction
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Previous Work

• Arav et al. - SiII, FeII (also, transitions from 
ground and excited states yield density)

• Hamann et al. - PV 1118,1128

• Phosphorus abundance is ~765 times 
lower than carbon
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We propose HeI*
• Populated by 

recombination from He+

• Depopulated by collisions:                
HeI*/He+~5.8x10-6 f(T,ne)

• Metastable triplet 2s state 
acts as a second ground 
state (decay time 2.2 
hours)

• ➠measures He+ column
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HeI* vs P+4

• Resonance lines: ~0.1 < f < ~1.0, 
~1000<λ<~10000

• For τ(v)~1, Δv ~10,000 km/s

• ⇒ Nion~14.5-16.0
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FBQS J1151+3882

• Observed using 
SpeX on IRTF

• First HeI*10830 
BALQSO
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HeI* 3889 is present too
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Partial Covering Analysis

• Solve for fcov and 
optical depth as 
a function of 
velocity

• Mean covering 
fraction ~0.2

• log Average HeI* 
column ~14.9
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Cloudy Analysis
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Too much Balmer absorption
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New Observation of MgII

• Observed at KPNO May 2011

• Analyzed by Adrian Lucy (preliminary - see 
AAS poster)

• ⇒FBQS J1151+3822 is an FeLoBAL

• log Mg+ column density ~ 15
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Results for FBQS J1151+3822
• Assuming radiative line driving:

• log NH = 21.7-21.9

• Radius = 5-18 parsecs

• mass outflow rate = 11-34 solar masses/yr

• log Kinetic luminosity = 44-44.5

• Kinetic luminosity is 0.2-0.6% bolometric

• ➠ Relatively high-column, powerful outflow 
originating relatively close to the central engine

Sunday, November 13, 2011



Results for FBQS J1151+3822
• Assuming radiative line driving:

• log NH = 21.7-21.9

• Radius = 5-18 parsecs

• mass outflow rate = 11-34 solar masses/yr

• log Kinetic luminosity = 44-44.5

• Kinetic luminosity is 0.2-0.6% bolometric

• ➠ Relatively high-column, powerful outflow 
originating relatively close to the central engine

Sunday, November 13, 2011



HeI* Advantages

• Can be observed 
from the ground in 
low-z objects

• Blending is not a 
problem

• Sensitive to high 
columns
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Followup
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Followup

• Low Redshift BALQSOs

• 14 objects, most with known CIV absorption

• Observed using IRTF SpeX and MDM 2.4m 
CCDS
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Followup

• HeI*3889 Selected BALQSOs 0.5<z<0.6

• 18 objects

• Observed using LBT Lucifer, Gemini 
GNIRS, KPNO 4m RC Spectrograph, and 
MDM 2.4m CCDS

• Systematic study of covering fraction and 
HeI* column density
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Mrk 231
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Mrk 231
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Mrk 231
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PG 1351+640

• CIV column density > 15.25

• HeI* column density ~ 13.0
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SDSS J1347+1441
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SDSS J1347+1441
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SDSS J1347+1441
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Conclusions
• We discovered HeI*λ10830 in FBQS J1151+3822 

• Using HeI*λ3889, we measure the covering fraction and 
optical depth

• Cloudy models yield equivalent hydrogen column; 
acceleration modeling yields further constraints

• New MgII observation constraints results further

• We find that HeI* is an excellent probe of high 
column densities, comparable to PV

• Two additional samples will yield information about 
HeI* absorption in general
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